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I
摘 要
在众多的储能系统中，锂离子电池和超级电容器具有很高的能量密度和功率
密度，长循环寿命，安全以及环境兼容性好等优点，受到了来自科学界以及工业
界的广泛关注。对于超级电容器和锂离子电池来说，它们的性能好坏与所使用的
电极材料有很大关系。目前商业化的超级电容器电极材料和锂离子电池负极材料
主要是碳材料，它的容量相对较低，已经不能满足人们日益增长的需求。因此科
学工作者正在努力寻找开发新型的高性能电极材料来替代传统的碳材料。最近研
究结果表明，过渡金属氧化物具有很高的理论比容量而且价格低廉，很有希望成
为下一代高性能超级电容器和锂离子电池的电极材料。本文主要从提高过渡金属
氧化物电极材料的比表面积、导电性能以及结构稳定性出发，在过渡金属氧化物
的微观形貌可控制备，电极结构的合理构建及石墨烯复合材料的设计合成等方面
开展了的工作内容主要如下：
1．三元过渡金属氧化物通常表现出比二元过渡金属氧化物更加优异的电化学活
性。本章通过简单的水热法合成了由纳米薄片组装而成的具有分级结构的
NiMoO4球状结构。研究发现，该 NiMoO4纳米球比 NiMoO4纳米棒具有更高的
导电性，更大的比表面积以及更好的结构稳定性。对它们的超电容特性进行了研
究，在同样的测试条件下，NiMoO4纳米球展示出了更好的倍率性能以及循环性
能。此外，我们改变实验条件，成功地通过水热法合成出了比表面积更大的多孔
NiMoO4超薄纳米片。电化学测试结果表明，该多孔 NiMoO4超薄纳米片展示出
了更高的比容量。
2. 相比于传统的超电容电极，直接将电极材料生长在导电基底上然后作为无粘
结剂的超电容电极具有诸多优点。本章通过简单的水热法在泡沫镍基底上生长上
超薄多孔的 NiCo2O4纳米片阵列并对它作为无粘结剂超电容电极进行了研究。另
外，我们还对合成体系中氟化铵（NH4F）的作用进行了研究。通过简单改变 NH4F
的用量，我们制备出了不同形貌的 NiCo2O4纳米结构，并对它们的电化学性能都
进行了研究。测试结果表明，超薄多孔的 NiCo2O4纳米片阵列电极（NH4F用量
为 6 mmol）表现出最优异的电化学性能。这些优异的电化学性能与它独特的结
构和形貌有着密切的关系。
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3. 该无粘结剂电极目前存在的主要问题是活性材料在导电基底上的负载量太
少，造成电极单位面积的比容量较低。本章设计了两步水热法在泡沫镍基底上构
建了独特的 NiCo2O4纳米线@CoMoO4纳米片复合结构多级纳米阵列。此外，我
们通过改变反应时间的实验对CoMoO4纳米片在NiCo2O4纳米线阵列上的二次生
长过程进行了研究。这种多级结构纳米阵列的设计不仅大幅度地提高了单位面积
上活性物质负载量，同时又能确保负载活性材料具有高的利用率。我们对制得的
NiCo2O4@CoMoO4 复合结构纳米阵列作为无粘结剂超级电容器电极进行了研
究，测试结果表明该复合结构纳米阵列电极展示出比单一 NiCo2O4纳米阵列高出
很多的面积比容量。
4. 合金储锂机制的SnO2具有很高的理论比容量，但是循环性能和导电性能较差，
严重限制了它的实际应用。本章通过简单的水热法一步就制备得到了 SnO2八面
体纳米晶与石墨烯（SnO2 ONCs/GS）复合材料。这些 SnO2八面体纳米晶具有{332}
高指数面裸露，比较牢固的锚定在石墨烯上面。另外，我们还合成出了非高指数
面裸露的 SnO2纳米小颗粒与石墨烯（SnO2 NPs/GS）复合材料作为对比。我们对
合成的两种 SnO2和石墨烯复合材料储锂离性能进行了研究。电化学测试结果表
明，相比 SnO2 NPs/GS 复合材料，该 SnO2 ONCs/GS 复合材料展示出更好的循环
与倍率性能。
5. 三元的锰酸锌（ZnMn2O4）具有转换和合金储锂机制，也是目前广泛研究的一
种高性能锂离子电池负极材料。为了提高它的循环和倍率性能，本章设计了两步
法制备得到了 ZnMn2O4多孔纳米球与石墨烯（ZMO-G PSs）复合材料。结构分
析表明，大小为 500-700 nm 左右的 ZnMn2O4多孔纳米球被石墨烯严实包裹着，
并且 ZMO PSs 颗粒与颗粒之间通过石墨烯相互连接起来。我们对单纯的 ZMO
PSs和 ZMO-G PSs复合材料的电化学储锂性能都进行了测试。正如所预期的那
样，电化学测试结果表明，该 ZMO-G 复合材料展示出了比单纯 ZMO PSs更高
的比容量，更好的循环稳定性以及更优异的倍率性能。
关键词：金属氧化物；纳米阵列；复合材料；超级电容器；锂离子电池
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Abstract
Among various energy storage systems, lithium-ion batteries and supercapacitors
have attracted great attentions from both academia and industry because of their
advantages such as high energy density and power density, long cycling life, safety,
and environment friendliness. As we all know, the electrochemical performance of
lithium-ion batteries and supercapacitors are greatly depended on the electrode
materials used. The capacity of the present commercial carbon materials is too low,
which cannot fulfill the increasing demands of consumers. Therefore, great attentions
are paid to developing new high-performance electrode materials to replace the
commercial carbon materials. Recent progress has demonstrated that transition metal
oxides with high theoretical capacities and low cost have been considered as
promising electrode materials for high-performance lithium-ion batteries and
supercapacitors. In this paper, we aim to the synthesis transition metal oxide with
large specific surface area, high electrical conductivity, and good structure stability for
high-performance lithium-ion batteries and supercapacitors. We have carried out a
series of work including synthesis of electrode materials with desirable morphology
and structure, rational design and construction of electrode architectures, and
synthesis of metal oxide and graphene nanocomposites. The details are discussed as
below:
1. Ternary metal oxides often exhibit higher electrochemical activities compared to
binary metal oxides. Herein, we develop a simple hydrothermal method to synthesize
the NiMoO4 nanospheres, which are assembled from many thin mesoporous
nanosheets. Compared with the NiMoO4 nanorods, the NiMoO4 nanospheres possess
higher electrical conductivity, larger surface area and better structure stability. Then
their supercapacitive properties are investigated and the electrochemical results show
that the NiMoO4 nanospheres exhibit better rate capability and cycling stability. By
changing the experiment condition, we successfully synthesize the hierarchical
ultrathin mesoporous NiMoO4 nanosheets with higher specific surface area, which
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exhibit much higher specific capacity when investigated as electrode material for
supercapacitors.
2. Compared to traditional supercapacitor electrodes, directly grown active materials
on current collector as binder-free electrodes posses multiple advantages. Herein, we
develop a simple hydrothermal method to grow ultrathin and mesoporous NiCo2O4
nanosheet arrays on Ni foam and then investigated as binder-free supercapacitor
electrodes. In addition, the important role of NH4F in the synthesis system has also
been investigated. By simply changing the addition of NH4F, NiCo2O4 nanostructures
with different morphologies have also been obtained on Ni foam, and then their
electrochemical performance are investigated. Electrochemical results show that the
ultrathin and mesoporous NiCo2O4 nanosheet array electrode (using 6 mmol NH4F)
exhibits the best electrochemical performance, which is related to its unique structure
and morphology.
3. For such binder-free supercapacitor electrodes, the main problem is that the mass
loading of the active materials on current collector is too low, resulting in low specific
areal capacitance. Herein, we develop a simple two-step hydrothermal method to
construct unique NiCo2O4 nanowire@CoMoO4 nanoplate core/shell hybrid
nanostructures on Ni foam. Moreover, a possible mechanism for the second growth of
CoMoO4 nanoplates on NiCo2O4 nanowires is put forward according to the
time-dependent experiments. This electrode design not only greatly enhance the mass
loading of the active materials on current collector, but also can make sure the high
efficient utilization of the electrode materials. When evaluated as binder-free
supercapacitor electrodes, such unique NiCo2O4@CoMoO4 core/shell hybrid
electrodes exhibit much larger areal capacitance than the pristine NiCo2O4 nanowire
array electrode.
4. SnO2 is an attractive alloy anode material with high theoretical capacity. However,
the poor cycling and rate performance greatly restrict its practical applications. Herein,
we present a simple hydrothermal method to prepare the nanocomposite of SnO2
octahedral nanocrystals (ONCs) and graphene sheets (GS). These SnO2 ONCs are
exposed with {332} high-energy facets and are tightly anchored on the GS. In
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addition, the nanocomposite of SnO2 nanoparticles (NPs) exposed with stable facets
on GS has also been synthesized as comparison. The lithium storage properties of the
as-synthesized two SnO2 and graphene nanocomposites are then investigated.
Electrochemical characterizations show that the SnO2 ONCs/GS nanocomposite
exhibits much enhanced rate and cycling performance compared with the SnO2
NPs/GS nanocomposite.
5. Ternary ZnMn2O4 possess both alloy and conversion reaction mechanisms, and are
extensively investigated as high performance anode materials for lithium-ion batteries.
In order to enhance its cycling and rate performance, herein, we develop a two-step
strategy to synthesize the ZnMn2O4 porous spheres and graphene (ZMO-G PSs)
nanocomposite. Structure analysis reveal that the ZnMn2O4 porous spheres (ZMO PSs)
with diameter about 500-700 nm are well wrapped by the graphene and
interconnected via the graphene networks. Afterwards, the lithium storage properties
of the pure ZMO PSs and ZMO-G PSs nanocomposite are then investigated. As
expected, the as-synthesized ZMO-G PSs nanocomposite exhibits significant
enhanced Li-battery performance with high reversible capacity, good cycling stability
and enhanced rate performance.
Keywords: Metal oxide; nanoarray; composite; supercapacitor; lithium ion battery
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第一章 绪论
1.1引言
随着当代工业的发展以及全球人口数量的持续增长，传统的煤、石油以及天
然气等不可再生能源的储量变得越来越少。另外，伴随着传统能源大量消耗所引
起的生态和环境问题发生的频率越来越高，已经对人类的健康造成严重的影响。
环境问题和能源危机问题已经成为人类 21 世纪所面临的重要挑战和亟需解决的
重大问题。因此，发展高效、廉价、安全和环境友好的储能装置已经成为科学界
和工业界重要的挑战和机遇。为了兼顾经济和环保的需求，发展可以替代传统能
源的新能源技术对实现人类社会可持续发展具有极其重大的意义。风能、太阳能、
潮汐能等是当前可再生能源的代表，但是这些绿色能源发电是间歇性的，缺乏稳
定性，并且很大程度受到自然条件的影响。因此我们迫切需要一个能量储存系统，
它可以在能量多余时将其储存起来，在需求时又可以将其释放出来。在众多的能
量存储装置中，电化学能量存储是目前最有前景的储能系统之一，它有着显著的
优越性，如高效性、多样化和灵活性等特点。图 1-1中展示了几种重要的电化学
储能装置的功率与能量密度对比。其中，锂离子电池和超级电容器是目前最典型、
研究最热门、应用最广的两种电化学储能装置[1-3]。
锂离子电池一种二次电池，相比于之前被广泛使用的二次电池（例如铅酸电
池、镍氢电池和镍镉电池），具有输出电压高（大于 3.6 V），能量密度大，循
环寿命长（可以达到 1000 次），自放电率小，无记忆效应且环保安全等诸多优
点，目前已经广泛应用在各种便携电子产品中，如手机，笔记本，移动电源等[4-7]。
然而，锂离子电池的功率密度比较低，无法满足一些高功率设备的需求。超级电
容器也是一种新型的电化学储能装置，具有很高的功率密度（可达到 10 kW
kg−1），能够在几秒钟的时间内实现快速充放电，正好弥补了锂离子电池功率密
度低的不足。此外，超级电容器还具有循环寿命长（可大于 10万次），安全性
能好，工作温度范围宽（-40 到 70 °C），操作简单以及环境友好等优点，因此
在未来的能量存储领域中同样具有十分重要的科学意义以及应用前景[8-11]。对于
超级电容器和锂离子电池而言，他们性能的好坏与所使用的电极材料有很大关
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
